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• Sea ice services & ice use 

• Community-based 

observations & fall freeze-up 

• Ice use as platform in spring 

• An integrated ice observatory 
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Sea-ice services • Regulating services 

• Climate regulator 

• Marine & coastal hazard 

• Stabilizing element in coastal zone 

• Geologic agent (ice rafting of 

sediments, bottom interaction) 

• Supporting services 

• Ice-based foodwebs 

• Reservoir and driver of biological 

diversity (e.g., extremophiles) 

• Provisioning services 

• Transportation corridor 

• Platform (subsistence & industry) 

• Freshwater source 

• Source of food 

• Cultural services 

• Subsistence activities 

• Ice as part of cultural & spiritual 

landscape (incl. tourism) 

(1) Icescape 

 

 

(2) Platform 

     & 

Hazard 

 

 

(3) Habitat 

 

Eicken et al.,  

Arctic, 2009 



Arctic sea ice concentration trends 
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Storm mean power 

David E. Atkinson, UAF/U Vic 

Large erosive potential on 

Alaskan Chukchi coast 

Arctic Coastal Dynamics Program Database 
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Sea-ice Knowledge & Use (SIKU) 

IPY-4 Project 

Freeze-up 
Stable  

landfast  

ice 
Break-up 

Open 

water 

Access to  

open water  

in drift ice 

Upernavik 

Sources: Gearheard et al. (2006), Born et 

al. (2006), Eicken et al. (2008 & unpubl.)  

• 60 researchers & 30 Arctic communities 

• Ice use studied in more than a dozen villages 

(community-based observations, dictionaries) 

• Krupnik, Gearheard, Aporta, Laidler and others 



Collaborating Iñupiaq & Yupik  

sea-ice experts 

• Winton Weyapuk Jr. 

(Wales) 

• Joe Leavitt (Barrow) 

• Leonard Apangalook Sr. 

(Gambell) 
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Observations of freeze-up 
W. Weyapuk Ice Log 

8 Nov 2007 

…There is a slush 
berm about 3 to 4 
feet high right 
along the tide 
line.  Light slush in 
front of the village 
1/4 to 1/2 mile 
wide. 

 

Local observations in 
Wales, Shishmaref 
and Shaktoolik:  

• Slush ice berms 
protect coast from 
fall storms 

 

Photo: Winton Weyapuk Jr. 
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Freeze-up trends from remote sensing data 

360

340

320

300

D
ay

 o
f 

Y
ea

r

200520001995199019851980
Year

• Passive microwave data 

(SMMR, SSM/I), 1979-

2008 

• Definition of freezeup 

based on seasonal cycle 

and criteria established 

by local observers 

• Wales: 4 days/decade 

delay in onset of freeze-

up (R = 0.32) 
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Onset of freeze-up trends 

from remote sensing data 

• Spatially consistent, significant 

trends with freeze-up delayed by 

up to 2-3 days per decade  

• Increases in duration of freeze-

up season modest (<2 

d/decade) and not significant 

• Norton Sound, Bering Straits 

region, southern Chukchi Sea 

coasts 

 

Linear trend,  

days/decade 

Linear  

correlation 

coefficient 
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Photo: Marc Webber, US Fish & Wildlife Service 

Use of sea ice as a platform 
   • Walrus life cycle tied to sea-ice cycle 

   • Ice floes as diving platforms for feeding over shallow shelf 
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Sea-ice Knowledge & Use (SIKU) 

IPY-4 Project 

Freeze-up 
Stable  

landfast  

ice 
Break-up 

Open 

water 

Access to  

open water  

in drift ice 

Upernavik 

Sources: Gearheard et al. (2006), Born et 

al. (2006), Eicken et al. (2008 & unpubl.)  

• 60 researchers & 30 Arctic communities 

• Ice use studied in more than a dozen villages 

(community-based observations, dictionaries) 

• Krupnik, Gearheard, Aporta, Laidler and others 
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• Use of sea ice as 

platform by marine 

mammals (walrus, seals) 

• Use of sea ice for access 

to walrus and ice seals by 

Bering Straits hunters 

 
Photos: Winton Weyapuk Jr. 



Simplistic model of favorable conditions 

for walrus hunt in Savoonga & Gambell 

• Ice & weather 

observations by local 

experts 

• Sea-ice satellite data 

• Weather data 

• State & federal harvest 

monitoring programs 

 
Kapsch et al., 2010: SIKU volume, ed. 

by I. Krupnik et al., Springer 

• Variables: sea ice 

concentration, wind 

speed & direction, air 

temperature, visibility & 

cloud cover 

• Favorable conditions: 

<30% ice conc.,  

winds <5 m/s out of S/E 

sector (Savoonga), 

winds < 9 m/s  
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More ice than normal, 

fewer days of favorable 

hunt conditions 

Less ice than normal,  

more days of favorable 

hunt conditions (Gambell) 



Sea Ice for Walrus Outlook (SIWO) 

• Dedicated 10-day 

forecast for N Bering, 

S Chukchi Seas 

(NWS) 

• High-res satellite 

images 

• Analysis of weather & 

ice patterns (NWS, 

NOAA, UAF) 

• Observations from 

local experts 

• www.arcus.org/searc

h/siwo 

• Ad-hoc input from scientists, 

indigenous experts & others  
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• Sea Ice for Walrus Outlook (SIWO): 

www.arcus.org/search/siwo 
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Coastal & offshore oil & gas leases & sea ice 
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Environmental security: Relevant sea ice variables 
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Arctic maritime environmental security:  

Strategic vs. tactical/operational perspectives 
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Eicken et al., Marine Technol. Soc. Journal, 2011 – CIMES Special Issue on MDA 



Improving cold-regions maritime domain awareness 

through an integrated coastal observing system 

• Remote sensing (km-scale): 
Coastal environments & 
infrastructure, ice hazards 

• Coastal radar (sub-km scale): 
Vessel & ice tracking, ice 
dynamics & potential disaster 
response 

• Aerial surveys, ice & sub-ice 
sensor systems 

• Local knowledge: Potentially 
important role for disaster 
response 

• Integration of data streams 
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Motion Analysis:  

Detecting & Tracking Anomalous Motion 

• Automated 

tracking of 

individual ice floes 

• Detection of 

anomalous motion 

(non-linear 

acceleration/decel

eration), e.g., 

grounding ice 
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Improved environmental security & emergency response 

through an integrated coastal observing system 
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